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(57) ABSTRACT

An electrical interconnection device for coupling a firing
module to a pyrotechnic electric match may generally com-
prise a circuit board comprising a first surface and a second
surface, an 1nput connector electrically connected to the first
surface of the circuit board to couple the device to the firing
module and at least one output connector electrically con-
nected to the second surface of the circuit board to couple
the device to the pyrotechnic match. The device may have a
welght of less than about 200 grams, and a length of less
than about 100 mm, a width of less than about 200 mm, and
a height of less than about 100 mm. An electrical intercon-
nection system for pyrotechnic displays comprising the

electrical interconnection device 1s also described.

21 Claims, 4 Drawing Sheets




US 10,320,135 B2
i

-

S _

— _ 2l by

~al L g — "

2 " <y by . ? §.

= <C (DS ) é.& QD

) . G W et )) 3&% M}

= LL. o 0) %z,@.uv- _

8| Lo _ D)D)

) @Sw YO

0 )L, ) @ugu
N )P
_3$337=.

O
)L

Jun. 11, 2019
>

U.S. Patent

FIG. 2
PRIOR ART



US 10,320,135 B2

Sheet 2 of 4

Jun. 11, 2019

200

U.S. Patent

FIG. 3
PRIOR ART

-
O
<

FIG. 4



US 10,320,135 B2

Sheet 3 of 4

Jun. 11, 2019

U.S. Patent

b VAR RN
WRA Selei=WAG R
WA == WAgt=nlei=

As'=aei- WA '=a i~

Wel=Ha= ¢ ‘r“. Q_v“,_

r“.‘ Qi=. = Y=
__o¢ “r“. = 8 “¢“‘. =
- - -

o 4 (o] o

FIG. 6



U.S. Patent Jun. 11, 2019 Sheet 4 of 4 US 10,320,135 B2

305 310
;3888888288888 I
JoCPeEEEEEEEEEEE 1
@ 869080886888056060 &
5=, ©3888888888888888g .
@ MICRO RAIL @)

FIG. 8

405

470

FIG. 9



US 10,320,135 B2

1

MINIATURE INTERCONNECTION DEVICE
FOR PYROTECHNICS DISPLAYS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. provisional appli-
cation Ser. No. 62/086,903, filed on Dec. 3, 2014, which 1s
hereby incorporated herein by reference in its entirety.

BACKGROUND

Electronic device configurations for pyrotechnic and
explosive control systems in pyrotechnic displays, special
cllects, and blasting industries may generally utilize elec-
trical commumication arrangements to provide device-to-
device interconnections. As an example, a conventional
pyrotechnic display system may involve a substantial
amount of interconnectivity accomplished via cabling for
interconnection communications. This type of system may
involve elaborate techniques for managing, storing, trans-
porting and servicing the cables and large connection
devices (e.g., rails). Servicing of systems with substantial
numbers of cables and large rails, which may include
hundreds of feet of cable and hundreds of connectors, add
expense and logistics, which may result in errors when
attempting to attach or replace the cables and rails. Accord-
ingly, smaller (i.e., size and weight), more eflicient and/or
cost-eflective electrical interconnection devices for pyro-
technic and explosive control systems and methods of
making and using the same are desirable.

SUMMARY

An electrical imterconnection device for coupling a firing
module to a pyrotechnic electric match may generally com-
prise a circuit board comprising a first surface and a second
surface, an input connector electrically connected to the first
surface of the circuit board to couple the device to the firing
module, and a first output connector electrically connected
to the second surface of the circuit board to couple the
device to the pyrotechnic match, wherein the device has a
weight of less than about 200 grams, and a length of less
than about 100 mm, a width of less than about 200 mm, and
a height of less than about 100 mm. The input connector may
directly connect to the firing module without cabling.

An electrical interconnection system for pyrotechmic dis-
plays may generally comprise a firing module and an
clectrical interconnection device directly connected to the
firlng module comprising a circuit board having a first
surface and a second surface, an input connector electrically
connected to the first surface of the circuit board and
clectrically connected to the firing module, a first output
connector electrically connected to the second surface of the
circuit board, a second output connector electrically con-
nected to the second surface of the circuit board, and at least
one fastener to secure the device to the firing module,
wherein the device has a weight of less than about 114
grams, and a length of less than about 100 mm, a width of
less than about 200 mm, and a height of less than about 100
mm. The input connector may be directly connected to the
firtng module without cabling. The system may have a
length of less than about 500 mm, a width of less than about
200 mm, and a height of less than about 100 mm.

An electrical imterconnection device for coupling a firing
module to a pyrotechnic electric match may generally com-
prise a circuit board having a first surface and a second
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surface, a parallel interface plug electrically connected to the
first surface of the circuit board, a first electrical terminal
block connecter electrically connected to the second surface
of the circuit board, and at least one fastener to secure the
device to the firnng module, wherein the parallel interface
plug substantially aligns and engages with a corresponding
jack of the firing module to directly connect the device to the
firing module, and wherein the device has a weight of less
than about 114 grams, and a length of less than about 100
mm, a width of less than about 200 mm, and a height of less
than about 100 mm.

DESCRIPTION OF THE DRAWINGS

The various embodiments described herein may be better
understood by considering the following description in
conjunction with the accompanying drawings.

FIG. 1A includes a block diagram of a conventional
fireworks firing system.

FIG. 1B includes a block diagram of a conventional
connection rail.

FIG. 2 includes an illustration of a conventional compact
connection device.

FIG. 3 includes an illustration of a conventional flat
connection device.

FIG. 4 includes an 1illustration of an electrical intercon-
nection system according to various embodiments.

FIGS. 5-7 include 1illustrations of an electrical intercon-
nection device according to various embodiments.

FIG. 8 includes an illustration of a circuit board for the
clectrical interconnection devices according to various
embodiments.

FIG. 9 includes a block diagram of a fireworks firing
system according to various embodiments.

DESCRIPTION

As generally used herein, the articles “one”, “a”, “an” and
“the” refer to “at least one” or ‘“‘one or more”, unless
otherwise 1ndicated.

As generally used herein, the terms “including” and
“having” mean “comprising”.

As generally used herein, the term “about™ refers to an
acceptable degree of error for the quantity measured, given
the nature or precision of the measurements. Typical exem-
plary degrees of error may be within 20%, 10%, or 5% of a
given value or range of values. Alternatively, the term
“about” refers to values within an order of magnitude,
potentially within 5-fold or 2-fold of a given value.

All numerical quantities stated herein are approximate
unless stated otherwise. Accordingly, the term “about” may
be inferred when not expressly stated. The numerical quan-
tities disclosed herein are to be understood as not being
strictly limited to the exact numerical values recited. Instead,
unless stated otherwise, each numerical value 1s intended to
mean both the recited value and a tunctionally equivalent
range surrounding that value. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should
at least be construed 1 light of the number of reported
significant digits and by applying ordinary rounding tech-
niques. Notwithstanding the approximations of numerical
quantities stated herein, the numerical quantities described
in specific examples of actual measured values are reported
as precisely as possible.

Any numerical range recited in this specification 1s
intended to include all sub-ranges of the same numerical
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precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” 1s mtended to include all sub-ranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that 1s, having a
mimmum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0. Any maximum numerical
limitation recited 1n this disclosure 1s intended to 1include all
lower numerical limitations subsumed therein and any mini-
mum numerical limitation recited in this disclosure 1s
intended to include all higher numerical limitations sub-
sumed therein. Accordingly, Applicant reserve the right to
amend this specification, including the claims, to expressly
recite any sub-range subsumed within the ranges expressly
recited herein.

In the following description, certain details are set forth 1in
order to provide a better understanding of various embodi-
ments of electrical interconnection devices and methods for
making and using the same. However, one skilled 1n the art
will understand that these embodiments may be practiced
without these details and/or 1n the absence of any details not
described herein. In other instances, well-known structures,
methods, and/or techniques associated with methods of
practicing the various embodiments may not be shown or
described 1n detail to avoid unnecessarily obscuring descrip-
tions of other details of the various embodiments.

This disclosure describes various features, aspects, and
advantages of various embodiments of electrical intercon-
nection devices. It 1s understood, however, that this disclo-
sure embraces numerous alternative embodiments that may
be accomplished by combining any of the various features,
aspects, and advantages of the wvarious embodiments
described herein in any combination or sub-combination that
one of ordinary skill in the art may find useful. Such
combinations or sub-combinations are intended to be
included within the scope of this specification. As such, the
claims may be amended to recite any features or aspects
expressly or mherently described in, or otherwise expressly
or inherently supported by, the present disclosure. Further,
Applicants reserve the right to amend the claims to affir-
matively disclaim any features or aspects that may be
present in the prior art. The various embodiments disclosed
and described 1n this disclosure may comprise, consist of, or
consist essentially of the features and aspects as variously
described herein.

According to certain embodiments, smaller (1.e., size and
weight), more eflicient and/or cost-eflective electrical inter-
connection devices for pyrotechnic and explosive control
systems and methods of making and using the same are
described

Referring to FIG. 1, a conventional fireworks firing sys-
tem 5 may comprise a computer 10, a control panel 20, a
firing module 30, a conventional connection device 40 (e.g.,
a rail), an electric firing match 50, and a projectile 60 1n
clectrical communication via cables 70. Alternately the
controlling parameters of the system may be accomplished
via a wireless link through radio frequencies, for example.
The system may include soiftware configured to create
manually fired firework displays and choreographed fire-
work displays. The computer 10, which operates the soft-
ware, may be 1n electrical communication with the control
panel 20. The control panel 20 may be 1n wired or wireless
clectrical communication with the firing module 30. The
firing module 30 may comprise a microprocessor controlled
and capacitive discharge module. The firing module 30 may
be 1n electrical communication with the connection rail 40.
The connection device 40 may have at least one individual
connection terminals (1.e., cues) configured to electrically
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connect to an electric firing match 50 and/or projectile 60 via
cables 70. A digital fireworks firing system and choreogra-
phy system 1s commercially available from Pyrotechnics
Management Inc., State College, Pa.

Three types of conventional connection devices are
shown in FIGS. 1-3. FIG. 1B illustrates a conventional large
connection rail 40, FIG. 2 illustrates a conventional compact
connection device 100, and FI1G. 3 1llustrates a conventional
flat connection device 200. The large connection rail 40
shown 1n FIG. 1B has a length of 245 cm and a weight of
6.8 KG, and may be generally referred to as an “eight foot™
rail 40. The connection device 100 shown in FIG. 2 has a
length of 40.7 cm, a width of 11.8 cm, and weight of 2.2 KG.
As shown 1n FIG. 2, a compact connection device 100 may
house the firing module 110. The connection device 200
shown 1n FIG. 3 1s 45 cm by 48 cm. In general, the
dimensions of all of these conventional connection devices
may be significantly greater than the corresponding dimen-
sions ol the firing module such that the compact connec-
tional device, as shown 1n FIG. 2, for example, may include
an 1nternal space for electrically connecting and housing the
firing module.

In general, the size and weight and performance may be
at a premium 1n the deployment of complex control systems.
Therefore. 1n contrast, according to various embodiments,
an electrical system generally comprising the electrical
interconnection device as generally described herein elec-
trically connected to a firing module provides a significantly
more compact, lightweight, robust system relative to exist-
ing connection devices and firing modules. The electrical
system may be more eflicient and/or cost-eflective than
existing connection rails and firing modules. The electrical
system may be usetul for aerial displays, stage shows, close
proximity material, groups of candles, gerbs, or other mate-
rial wherein space and size are at a premium.

An electrical interconnection device for coupling a firing
module to a pyrotechnic electric match may generally com-
prise a circuit board comprising a first surface and a second
surface, an 1nput connector electrically connected to the first
surface of the circuit board to couple the device to the firing
module, and a first output connector electrically connected
to the second surface of the circuit board to couple the
device to the pyrotechnic match, wherein the device has a
weight of less than about 200 grams, and a length of less
than about 100 mm, a width of less than about 200 mm, and
a height of less than about 100 mm. The device may
comprise at least one fastener, €.g., a screw, to secure the
device to the firing module.

The mput connector may directly connect to the firing
module without cabling therebetween. The input connector
may substantially align with and engage a corresponding
jack of the firing module to directly connect the device to the
firtng module. The iput connector may comprise one of a
male interface connector (1.e., a plug) and a female 1ntertace
connector (1.e., jack). The input connector plug may com-
prise a parallel interface connector, or other types of con-
nectors.

The device may comprise a second output connector
clectrically connected to the second surface of the circuit
board. The first output connector and second output con-
nector may independently comprise an electrical terminal
block connecter. The electrical terminal block connector
may comprise a printed circuit board plug-1n connector jack
to couple the device to the pyrotechnic match.

The mput connector may be disposed 1n a center portion
of the first surface and the first output connector may be
disposed 1n a first outer portion of the second surface, and
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optionally, a second output connector may be disposed 1n a
second outer portion of the second surface.

An electrical interconnection system for pyrotechnic dis-
plays may comprise a firing module and an electrical inter-
connection device directly connected to the firing module or
alternately integrated together into a composite package.
The electrical interconnection system for pyrotechnic dis-
plays may generally comprise a firing module and an
clectrical interconnection device directly connected to the
firlng module comprising a circuit board having a first
surface and a second surface, an input connector electrically
connected to the first surface of the circuit board and
clectrically connected to the firing module, a first output
connector electrically connected to the second surface of the
circuit board, a second output connector electrically con-
nected to the second surface of the circuit board, and at least
one fastener to secure the device to the firing module,
wherein the device has a weight of less than about 114
grams, and a length of less than about 100 mm, a width of
less than about 200 mm, and a height of less than about 100
mm. The mput connector may be direct connected to the
firtng module without cabling. The mput connector may
comprise a plug that substantially aligns with a correspond-
ing jack of the firing module to directly connect the mput
connector to the firrng module. The plug may comprise a
parallel interface plug and the jack comprises printed circuit
board plug-in connector. The system may have a length of
less than about 500 mm, a width of less than about 200 mm,
and a height of less than about 100 mm.

An electrical interconnection device for coupling a firing
module to a pyrotechnic electric match may generally com-
prise a circuit board having a first surface and a second
surface, a parallel interface plug electrically connected to the
first surface of the circuit board, a first electrical terminal
block connecter electrically connected to the second surface
of the circuit board, and at least one fastener to secure the
device to the firing module, wherein the parallel interface
plug substantially aligns and engages with a corresponding,
jack of the firing module to directly connect the device to the
firtng module, and wherein the device has a weight of less
than about 114 grams, and a length of less than about 100
mm, a width of less than about 200 mm, and a height of less
than about 100 mm. The device may comprise a second
clectrical terminal block connecter electrically connected to
the second surface of the circuit board. Each of the first
clectrical terminal block connector and second electrical
terminal block connector may independently comprise a
printed circuit board plug-in connector jack to couple the
device to the pyrotechnic match. The mput connector may
be disposed in the center portion of the first surface, the first
output connector may be disposed 1n the first outer portion
of the second surface, and the second output connector may
be disposed 1n the second outer portion of the second
surface.

FI1G. 4 1llustrates an electrical interconnection system 305.
As shown 1n FIG. 4, in various embodiments an electrical
interconnection system 305 may comprise an electrical
interconnection device 300 directly connected to a firing
module 303 without cables. The electrical interconnection
system 305 may lack cabling to electrically couple the
clectrical interconnection device 300 to the firing module
303. The electrical interconnection device 300 may have
dimensions (1.e., a height, length, and/or width and/or
weight) much less than the corresponding dimensions and
weight of the firing module 303 or conventional connection
rails. The electrical interconnection device 300 may have a
weilght up to 250 grams, such as 50 grams to 200 grams, and
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100 grams to 150 grams, and 114 grams. The electrical
interconnection device 300 may have a length from 25 mm
to 100 mm, a width from 350 mm to 200 mm, and a height
from 20 mm to 80 mm. The overall length of the firing
module 303 connected directly to the interconnection device
300 without cables may have a total length from 100 mm to
500 mm. As shown in FIG. 4, the electrical interconnection
device 300 may have a weight of 114 grams, a length of 51
mm, a width of 102 mm, and a height of 42 mm, wherein the
overall length of the firlng module 303 with the intercon-
nection device 300 may have a total length of 235 mm. In
various embodiments, the firing module 303 may comprise
a wireless firing module configured to interface with the
control panel.

Retferring to FIGS. 5-7, according to various embodi-
ments, an electrical interconnection device 300 may com-
prise a circuit board 310 having a first surface 305 and a
second surface 307, an mput connector 320 electrically
connected to the first surface 305 of the circuit board 310,
and an output connector 330 clectrically connected to the
second surface 307 of the circuit board 310. Referring to
FIG. 8, the circuit board 310 may be configured to electri-
cally connect the mput connector 320 and output connector
330 such that the input connector 3035 i1s i1n electrical
communication with the output connector 320.

The mput connector 320 may comprise any type of
connecter to couple to a mating connector of a firing module.
The 1nput connector 320 may comprise a male or female
parallel interface or Centronics-type connector or various
other connectors. The mput connector 320 may comprise a
male 1nterface (1.e., plug) when the firing module comprises
a female interface (1.e., jack). The mput connector 320 may
comprise a male parallel interface when the firing module
comprises a female parallel interface. The input connector
320 may electrically connect to a firing module.

The output connector 330 may comprise any type of
connecter to couple to a mating connector of an electric
firtng match and/or projectile. The output connector 330
may comprise an electrical terminal block connecter. The
clectrical terminal block connector may generally function
as a connection rail to electrically connect the firing module
to the electric firing match. The electrical terminal block
connector may comprise a printed circuit board plug-in
connector, female plug. The electrical terminal block may
comprise at least one cue, such as, for example, 1 cue to 32
or more cues, €.g., 128 cues. The electrical terminal block
may comprise 8 cues, 16 cues, 32 cues, 64 cues, or 128 cues
or more cues. The electrical output connector may electri-
cally connect to the electric firing match and/or projectile.
The electrical interconnection device may electrically con-
nect a firing module to an electric firing match and/or
projectile.

Although the electrical interconnection device has been
described for use in connection with a parallel interface
input connection and a PCB female plug-in output connec-
tor, 1t 1s apparent that various other types of mput and/or
output connectors may be used as well. For example, the
input and output connection may comprise rectangular,
circular, edge, coaxial, mezzanine, D-Sub, magnetic, socket,
surface mount, board edge and many other types.

Referring to FIG. 9, according to various embodiments, a
firework firing system 4035 may comprise a computer 410, a
control panel 420, an electrical system 430, an electric firing
match 450, and a projectile 460. The electrical system 430
may comprise an electrical interconnection device 300, as
shown 1n FI1G. 4, directly connected to the firing module 303
(without cables). The computer 410, which operates the
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solftware, may be in electrical communication with the
control panel 420. The control panel 420 may be 1n electrical
communication with the electrical system 430. The electri-
cal system 430 may have at least one individual connection
terminals (1.e., cues) configured to electrically connect to an
clectric firing match 450 and/or projectile 460 via cables
470.

In various embodiments, an electrical interconnection
device may be characterized by a mimiature size, weight and
nature (relative to conventional devices and systems)
capable of adjoining directly to and adhering to a small
portable control device (“Module”™), such as a firing module.
This device may provide the electric signal being commu-
nicated through the electrical interconnection device. The
clectrical interconnection device may comprise a unique
mimature iterconnection device that provides an extremely
small, light weight, robust, quick connection system for
wiring between electric and electronic controlled pyrotech-
nic and other commercial and industrial systems.

The electrical interconnection device may comprise an
input connector (e.g., a Centronics connector) mounted on
one side of a circuit board and an output connector (e.g., a
series ol push button connection terminals) mounted on
another side of the circuit board, and the framework neces-
sary for one to electrically communicate directly with the
other. The electrical interconnection device may be config-
ured to communicate electric signals, input through the input
connector (e.g., a Centronics connection) to another device,
that signal being output through the output connector (e.g.,
a series of push button connection terminals). These electric
signals consists of as many as thirty-two (32) or more
independent electrical pulses (“Cues”), each Cue supplying
nominal voltage and current suilicient to satisty a circuit
(“Circuit”) requiring a minimum voltage and current capable
of 1igmiting standard pyrotechnic electric matches. The pri-
mary purpose of this Circuit i1s to provide suilicient power
transier to igmite electric firrng matches compatible with
clectrical and electronic firing panels, which are used to
execute pyrotechnic displays, and for other commercial and
industnal purposes.

According to various embodiments, a method for electri-
cally connecting a firing module to an electric firing match
may comprise providing an electrical interconnection device
as generally described above, connecting the input connec-
tor to the firing module, and connecting the output connector
to the electric firing match. In contrast to conventional
connection rails and devices, the electric firing matches may
be electrically connected to the electrical interconnection
device prior to electrically connecting the electrical inter-
connection device to the firing module. The electrical inter-
connection device may be configured to be rapidly, mechani-
cally disconnect from a module, such as a control module or
firing module. The electrical interconnection device may be
configured to be held in the palm of a user’s hand to facilitate
interconnection wiring to electric matches, thereby central-
1zing and expediting the connection process.

While particular embodiments of electrical interconnec-
tion devices and systems comprising the same have been
illustrated and described, 1t would be obvious to those
skilled 1n the art that various other changes and modifica-
tions can be made without departing from the spirit and
scope of the invention. Those skilled in the art will recog-
nize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific
devices, systems, and methods described herein, including
alternatives, variants, additions, deletions, modifications and
substitutions. This application including the appended
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claims 1s therefore intended to cover all such changes and
modifications that are within the scope of this application.

What 1s claimed 1s:

1. An electrical interconnection device for coupling a
firing module to at least one pyrotechnical electrical match,
the device consisting of:

a circuit board comprising a first surface having a length,

a width, and a height, and a second surface having a
length, a width, and a height;

a single male input connector electrically connected par-
allel to the first surface of the circuit board to couple the
device to the firing module;

a first female output connector electrically connected
parallel to the second surface of the circuit board to
couple the device to the at least one pyrotechnic electric
match;

a second female output connector electrically connected
parallel to the second surface of the circuit board to
couple the device to the at least one pyrotechnic electric
match;

at least one fastener to secure the device to the firing
module;

wherein the device has a weight of less than about 150
grams, a length of less than about 100 mm, a width of
less than about 200 mm, and a height of less than about
100 mm,

wherein each of the first surface and the second surface
comprise a center portion between a first outer portion
and a second outer portion, wherein the mput connector
1s disposed 1n the center portion of the first surface, the
first female output connector 1s disposed in the first
outer portion of the second surface, and the second
female output connector 1s disposed 1n the second outer
portion of the second surface,

wherein the length, width, and height of the first surface
1s the same as the length, width, and height of the
second surface,

wherein the width of the first surface 1s greater than the
height of the first surface,

wherein the height of the first surface 1s less than a height
of the firing module, and

wherein the single male input connector, the first female
output connector, and the second female output con-
nector are each coplanar with the firing module when
the device 1s connected to the firing module.

2. The device of claim 1, wherein the single male 1nput

connector directly connects to the firnng module.

3. The device of claim 1, wherein the single male 1nput
connector substantially aligns with and engages a corre-
sponding jack of the firing module to directly connect the
device to the firing module.

4. The device of claim 3, wherein the iput connector 1s
an interface connector plug.

5. The device of claim 4, wherein the single male input
connector plug 1s a parallel interface connector.

6. The device of claim 1, wherein the first female output
connector 1s an electrical terminal block connector.

7. The device of claim 6, wherein the electrical terminal
block connector comprises a printed circuit board plug in
connector jack to couple the device to the pyrotechnic
match.

8. An electrical nterconnection system for pyrotechnic
displays, the system comprising:

a firing module; and

the electrical interconnection device of claim 1 directly
connected by the single male mput connector to the
firng module.
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9. The system of claim 8, wherein the single male mput
connector comprises a plug that substantially aligns with a
corresponding jack of the firing module to directly connect
the single male 1input connector to the firing module.

10. The system of claim 9, wherein the plug comprises a
parallel interface plug and the jack comprises a printed
circuit board plug-in connector.

11. The system of claim 8, where 1n the system has a
length of less than about 50 mm, a width of less than about
200 mm, and a height of less than about 100 mm.

12. The system of claim 8 comprising;:

at least one pyrotechnic electric match electrically
coupled to one of the first female output connector and
the second female output connect; and

a pyrotechnic device electrically coupled to the at least
one electric match.

13. An electrical interconnection device for coupling a
firng module to a pyrotechnic electric match, the device
consisting of:

a circuit board having a first surface having a length, a
width, and a height, and a second surface having a
length, a width, and a height;

a single male parallel intertface plug electrically connected
to the first surface of the circuit board;

a first female electrical terminal block connecter electri-
cally connected parallel to the second surface of the
circuit board;

a second female electrical terminal block connecter elec-
trically connected parallel to the second surface of the
circuit board; and

at least one fastener to secure the device to the firing
module,

wherein the single male parallel interface plug substan-
tially aligns and engages with a corresponding jack of
the firing module to directly connect the device to the
firing module,

wherein the length, width, and height of the first surface
1s the same as the length, width, and height of the
second surface, and

wherein the device has a weight of less than about 125
grams, and a length of less than about 100 mm, a width
of less than about 200 mm, and a height of less than
about 100 mm.

14. The device of claim 13, wherein each of the first
female electrical terminal block connector and the second
female electrical terminal block connector comprise a
printed circuit board plug-in connector jack to couple the
device to the pyrotechnic electric match.

15. The device of claam 13 wherein each of the first
surface and the second surface comprise a center portion
between a first outer portion and a second outer portion, and
wherein the single male parallel interface plug 1s disposed in
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the center portion of the first surface, the first female
clectrical terminal block connecter 1s disposed in the first
outer portion of the second surface, and the second female
clectrical terminal block connecter 1s disposed 1n the second
outer portion of the second surtace.

16. The device of claim 13, wherein the input connector
single male parallel interface plug, the first female output
connector, and the second female output connector are each
coplanar with the firing module when the parallel interface

plug 1s engaged with the corresponding jack of the firing
module.

17. The device of claim 13, wherein the firing module has
a length, a width, and a height, and wherein the height of the
firtng module 1s greater than the height of the first surface.

18. The device of claim 13, wherein the width of the first
surface 1s greater than the height of the first surface.

19. An eclectrical interconnection device for coupling a
firtng module to a pyrotechnic electric match, the device
comprising;

a circuit board comprising a first surface having a length,

a width, and a height, and a second surface having a
length, a width, and a height;

an 1nput connector electrically connected parallel to the

first surface of the circuit board to couple the device to
the finng module; and

a first output connector electrically connected parallel to

the second surface of the circuit board to couple the
device to the pyrotechnic match;

wherein the device has a weight of less than about 150

grams, and a length of less than about 100 mm, a width
of less than about 200 mm, and a height of less than
about 100 mm; and

wherein the length, width, and height of the first surface

1s the same as the length, width, and height of the
second surface,

wherein the width of the first surface i1s greater than the

height of the first surface,

wherein the input connector and the first output connector

are each coplanar with the firing module when the
device 1s connected to the firing module;

wherein the mput connector consists of a single male

parallel interface plug.

20. The device of claim 19, wherein the firing module has
a length, a width, and a height, and wherein the height of the
firing module 1s greater than the height of the first surface.

21. The device of claim 19 comprising a second female
output connector electrically connected to the second sur-
face of the circuit board, and wherein the second female
output connector 1s coplanar with the firing module when the
device 1s connected to the firing module.
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